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SECTION I
SCOPE OF WORK
The objective of Phase VI of this program was to design,
fabricate, and test a thermal control assembly capable of
precisely controlling the LDG-540 Gyro case temperature
at 500C over an ambient environmental range of 23 0C and
atmospheric pressure to 5 0C and a vacuum of 1 x 10 -5 torr.
The thermal control assembly was to be a hermetically
sealed enclosure about the LDG-540 Gyro with envelope dimen-
sions not to exceed those of the Saturn K8-AB5 Gyro. The
heaters were to be capable of delivering 30 watts at 28 V.D.C.
and have dual temperature sensors rated at 750 ohms at 500C.
All six (6) LDG-540 Gyros, developed in Phase V of this pro-
gram, will be equipped with a fine control heater and a re-
sistance thermometer to monitor the gyro case temperature.
All six gyres will then be interchangeable in the thermal con-
trol assembly (2783520-2) by means of simple assembly techniques.
Testing of the thermal control assembly will be performed over
the specified environmental range to insure design integrity.
1
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SECTION II
SUMMARY OF PROGRAM ACCOMPLISNMLNTS
The LDG -540 Gyro Thermal Control Assembly (2783520-2) is
shown in Figures l.. 2., 3.. and 4.
The precise control of the gyro case temperature was ac-
complished by designing the t he rrta 1 control assembly to
function as a temperature controlled oven within whicd the
gyro, the gyro case heater and sensors, and the fine tempera-
ture controller are situated.
The test results were quite favorable and indicate that the
thermal control assembly is capable of maintaining gyro case
temperature stability of 56.6 0 C with a total deviation no
greater than + 0.06 0C over an : mbient range of + 23 0C and one
atmosphere to -20C and 2.4 x 10 -7 torr. .
A summary of the test data appears in Figures 5. , 6.. and 7.
The thermal control assembly was also designed as a hermetic-
ally sealed unit and has a leak rate of 3 x 10
-R
 std. cc
 of
lie Ii um /sec,
Four (4) of the six (6) LDG-540 Gyros, developed in Phase V
of this program, have been fitted with a fine control heater
and a resistance thermometer. Fine control heaters and re-
sistance thermometers are available to N.A .S .A . for the two
remaining gyros and will be installed when the units are re-
turned to Bendix GSD.
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SECTION' III
TECHNICAL DISLUSSION
During preliminary design of the thermal control assembly,
the LDG-540 Gyro was mounted on a heat sink (Saturn Air
Bearing test fixture X1801596) and the gyro pump and spin
motors were energized with no heater power to the gyro.
After thermal stabilization at 240C room temperature and
atmospheric pressure, the gyro case temperature was 49.80C.
In order to precisely control the gyro case temperature, a
temperature of 56.6 0 C was selected as the stabilizing
temperatu r e for the gyro case. This temperature is 6.80C
higher than that recorded wi t h no ::eater power applied to
tho gyro.
The thermal control housing and cover, the coarse heater
and sensors, and the coarse temperature controller were
designed to function as a temperature controlled oven with-
in which the LDG-540 Gyro, the fine heater and sensors, and
the fine temperature controller are contained. The coarse
heater and its temperature controller insure that the gyro
is heated to somewhat below 56.6 0C. The fine heater and
its temperature controller regulate the gyro case tempera-
ture precisely at 56.6 0 C.
Both the fine control heater on the gyro and the coarse con-
trol heater on the thermal control assembly are 30 watt
heaters at 28 V.D.C. The fine heater has a maximum rated
heater power of 96 watts and the coarse heater is rated at 116
watts, maximum. The fine {;eater is operated at 12 V.D.C. and
the coarse heater at 26 to 28 V.D.C.
10
sSECTION IV
CONCLUSIONS AND RECOMMENDATIONS
The thermal control assembly was operated in aD environment
which ranged from room temperature and atmospheric pressure
to -20C and a vacuum of 2.4 x '.0 -7 torr. Throughout this
range, the assembly maintained the gyro case at 56.6 0C with
a total deviation no greater than + 0.060C.
The time required for the thermal control assembly to heat
the gyro case from room temperature to 55.6 0C (loC below the
stabilization temperature) was 24.5 minutes for the atmospheric
test and 31 minutes for the vacuum test. However, this differ-
ence in stabilization time can be attributed to the fact that
during the vacuum test, the coarse heater operated at only
26 V.D.C. and 0.9 amp., while it functioned at 28 V.D.C. and
1.07 amp. throughout the atmospheric test. Also, the initial
case temperature of the gyro was 5.2 0C lower for the vacuum
test than it was for the atmospheric test.
Total heater powe- during; initial warm-up. at +20 00 coldplate
temperature and 3.7 x 10 -7 torr vacuum pressure, was 26.3
watts. After gyro case thermal stability was attained, the
total heater power decreased to 5.2 watts. At thAr point,
the duty cycles for the coarse and fine heaters were 9.1% and
63.3%, respectively. At ambient environments of +5 0C cold-
plate/2.3 x 10 -7 torr and -1 0C coldplate/2.3 x 10 -7
 torr and
the gyro case stabilized at 56.6 0C, the total heater powers
were 13.1 watts and 17.8 watts, respectively. The duty cycles
of the coarse and fine heaters at the -1 0C coldplate condition
were respectively 68.3% and 65.4%.
SECTION IV (CONTINUED)
Total heater power during initial warm-up, at an ambi
environment of 23.3 0C and atmospheric pressure, was 3
wattu. The total heater power decreased to 10.3 watt
after the gyro case stabilized at 56.5 JC. The heater
cycles for the coarse and fine heaters, at this condi
were respectively 28.2% and 42.0%.
Engireering Report #MT-37,037, included in Section V
this report, covers the test procedure and results in
detail.
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SECTION V
APPENDIX
TO:	 Erkgtneering File MT 37,037	 Issue• Revision A
From: E. Y. Brello	 Late:	 January 28, 1975
LDG-540 GYRO
THERMAL CONTROL
.SSEMBLY (2783520-2)
EVA LUAT ION
prepared by:
E. Y. Brello
Approved by:	 " j-
W. H. Ficken
THE BENDIX CORPORATION
GUIDANCE SYSTEMS DIVISION
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Issue; Revision A	 MT 37,037
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The purpose of this test was to verify that the thermal
control assembly for the LDG-540 gyro was capable of
maintaining a gyro case temperature of 56.600 over an
a:nbient range of 23 °C and one atmosphere to 5 0C and
1 x 10 -5 torr.
The test results were quite favorable and indicate that
the thermal control assembly is capable of maintaining
gyro case temperature stability of 56.60C with a total
deviation no greater than +0.0600 over an ambient range
of +23°C and one atmosphere to -2°C and 2.4 x 10 -7
 torr.
During preliminary design of the thermal control assem-
bly, the gyro was mounted on the heat sink to be used
during test evaluation. The gyro pump and spin motors
were energized and after thermal stabilization, with no
heater power to the gyro, the gyro case temperature was
49.8°C at a room temperature of 24.1°C. Therefore, the
temperature control assembly was designed to maintain a
gyro case temperature of 56.600 instead of 50°C as
specified in contract #NAS 8-24414.
In essence, the thermal control housing, coarse heater,
and controller create a temperature controlled oven
within which the LDG-540 gyro, the gyro case heater and
sensor, and the fine temperature controller are situated,
thereby allowing the more precise control of the gyro
case temperature. The assembly can also be operated
with external coarse controller and heater only. How-
ever, it has not been evaluated in this mode.
-	 L
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Figure A shows a sketch of the LDG-540 gyro in its ther-
mL1 control housing. The fine control heater, with its
dt:al temperature sensors, is wrapped around the O.D. of
the gyro. The coarse control heater (also equipped with
dual temperature sensors) is cemented to the I.D. of
the thermal control housing. Both are 30 watt heaters
at 28 VDC. The fine heater, on the gyro, has a maximum
rated heater power of 96 watts and the coarse heater is
rated at 116 watts, maximum. The fine heater is operated
at 12 VDC and the coarse heater at 26 to 28 VDC. To mon-
itor the gyro case temperature, a resistance thermometer was
cemented to the gyro case at the pump end of the unit. The
Hybrid fine temperature controller is mounted on the in-
side of the thermal control housing cover. The thermal
control housing forms a hermetic seal about the gyro. The
curse temperature controller is external to the thermal
control housing and is not part of the assembly.
The first part of this test was run at room temperature
(23.30C) and atmospheric pressure. Gyro S/N 6 was
mounted on a holding fixture as shown in Figure B.
After the gyro case (7), heat sink (11), and room tem-
peratures were recorded, the gyro fluid pump, spin motor,
fine heater (12 VDC) and coarse heater (28 VDC) were
energized. The heater currents were 0.42 amp and 1.07
amp, respectively. The gyro case temperature (7) and
the heat sink temperature (11) were monitored at 5 min.
intervals until the gyro case temperature stabilized.
The coarse heater started cycling 14 minutes after the
test was started and the fine heater started to cycle
10 minutes later. Thirty (30) minutes after the start
II
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of the test, the gyro case temperature reached 56.300
and ten (10) minutes later the case temperature stabilized
at 56.50C. At this temperature the coarse heater had a
duty cycle of 28.27, and power of 8.4 watts. The fine
heater drew 1.9 watts of power and had a duty cycle of
42.0%. See Data Sheet I and Curve I.
The second part of this test was run in a thermal vacuum
chamber. Figure C is a sketch of the test set-up showing
the temperature points monitored during the test. The
chamber was initially pumped down to a vacuum of 3.7 x
10 -7 torr. The cold plate (1) and gyro case (7) tempera-
tures were 20.00C and 20.500, respectively. Power to the
gyro pump, spin motor, fine heater (12 VDC) and coarse
heater (26 VDC) were then turned on. After 18 minutes of
operation, the coarse heater started to cycle and 9
m-nutes later the fine heater began to cycle. The gyro
case temperature stabilized at 56.600 forty (40) min-
utes of p er the start of test. Curves I and II are plots
o: gyro case temperature vs time for the atmospheric
acid vacuum tests, respectively. The slopes of each
curve, during warm-up, are basically the same. The
coarse heater had a 4 minute longer 100` duty cycle
during the warm-up period of the vacuum test than it
&.d during; the corresponding warm-up period of the
atmospheric test. However, the coarse heater operated
at only 26 VDC and 0.9 amp during the vacuum test while
it functioned at 28 VDC and 1.07 amp throughout the at-
mospheric test. Also, the gyro had a 5.20C lower gyro
case temperature, prior to warm-up, for the vacuum test
ttan it did for the atmospheric test.
r
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After the gyro case temperature stabilized, the chamber
was cooled-down to 5°C and then down to 0°C. Throughout
tiiis temperature drop, the heaters maintained a gyro
case temperature of 56.62 + 0.05°C. The data is tabu-
lated on Data Sheet II and plotted on Curve II.
Du to Sheet III
the vacuum and
t lea t the total
phere test was
test.
summarizes the steady state results of
atmospheric tests. It should be noted
heator power during the 23.30C/1 atmos-
twice that at the 22 0C/3.7 x 10 -7 torn
At a gyro case temperature of 56.6oC and an ambient
environment of 5°C and 2.3 x 10 -7 torr, the coarse
heater had a duty cycle of 48.7%, and power of 10.8
watts. The line heater drew 2.7 watts and had a duty
cycle of 54.4';.
In conclusion, the thermal control assembly is quite
capable of maintaining a gyro case temperature of 56.6
+0.05°C over an ambient range of 23 0C/1 atmosphere to
5°C/2.4 x 10 -7 torr with maximum power of 13.5 watts and
maximum heater duty cycle of 50%.
A 8375A Digital Multimeter, manufactured by the John
Fluke Co., was used to monitor the gyro case temperature.
Caution should be taken in selecting a meter as any
current will heat the resistance thermometer temperature
readings.
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